BACKGROUND: Component separation (CS) is an effective technique for reconstructing complex abdominal wall defects. Violation of the rectus abdominis complex is considered a contraindication for CS, but we hypothesized that patients have similar outcomes with or without rectus complex violation. STUDY DESIGN: We retrospectively studied all consecutive patients who underwent CS for abdominal wall reconstruction during 8 years and compared outcomes of patients with and without rectus violation. Primary outcomes measures included complications and hernia recurrence. Logistic regression analysis identified potential associations between patient, defect, and reconstructive characteristics and surgical outcomes.
BACKGROUND: Component separation (CS) is an effective technique for reconstructing complex abdominal wall defects. Violation of the rectus abdominis complex is considered a contraindication for CS, but we hypothesized that patients have similar outcomes with or without rectus complex violation. STUDY DESIGN: We retrospectively studied all consecutive patients who underwent CS for abdominal wall reconstruction during 8 years and compared outcomes of patients with and without rectus violation. Primary outcomes measures included complications and hernia recurrence. Logistic regression analysis identified potential associations between patient, defect, and reconstructive characteristics and surgical outcomes.
RESULTS:
One hundred sixty-nine patients were included: 115 (68%) with and 54 (32%) without rectus violation. Mean follow-up was 21.3 Ϯ 14.5 months. Patient and defect characteristics were similar, except for the rectus violation group having a higher body mass index. Overall complication rates were similar in the violation (24.3%) and nonviolation (24.0%) groups, as were the respective rates of recurrent hernia (7.8% vs 9.2%; p ϭ 0.79), abdominal bulge (3.5% vs 5.6%; p ϭ 0.71), skin dehiscence (20.0% vs 22.2%; p ϭ 0.74), skin necrosis (6.1% vs 3.7%; p ϭ 0.72), cellulitis (7.8% vs 9.2%; p ϭ 0.75), and abscess (12.3% vs 9.2%; p ϭ 0.58). Regression analysis demonstrated body mass index to be the only factor predictive of complications. CONCLUSIONS: CS surgical outcomes were similar whether or not the rectus complex was violated. To our knowledge, this study is the first to evaluate the effects of rectus violation on surgical outcomes in CS patients. Surgeons should not routinely avoid CS when the rectus complex is violated. The component separation (CS) technique has proven to be effective for reconstructing large, midline abdominal wall defects. [1] [2] [3] [4] [5] [6] [7] [8] Unilateral or bilateral release of the external oblique aponeurosis from the linea semilunaris enlarges the abdominal wall musculofascial surface area and centralizes the rectus abdominis musculofascial complexes. The CS technique facilitates reapproximation of the rectus ab-dominis muscles in the midline and primary fascial coaptation for defects too large for primary repair, providing dynamic stability and improved strength to the abdominal wall, with limited surgical site morbidity. 6, 9 Despite the advantages of CS, it has been suggested that CS be avoided in patients with extensive scarring of the rectus muscles from previous or concurrent ostomies or feeding tubes, transection of the rectus complex, or resection of the rectus complex secondary to tumor extirpation. 4, 9 It is believed that violation of one or both of the rectus complexes and overlying skin by extensive scarring makes the dissection more difficult, and many surgeons have suggested that advancement of a compromised rectus complex might result in compromised surgical outcomes. 4, 7 In addition, medial advancement of the skin flaps in relation to the underlying musculofascia during CS is thought to result in sheering of an ostomy, limited skin advancement, and/or uncovering of a contained parastomal hernia sac. 4, 10, 11 In patients in whom CS is avoided, reconstructive options that are potentially less favorable are often used; these include primary fascial coaptation under excessive tension, bridging the fascial defect with surgical mesh, and use of musculofascial flaps. Primary fascial coaptation without CS and/or prosthetic reinforcement has been shown to result in hernia recurrence rates of up to 46%. 9, 12, 13 Bridging large fascial defects with bioprosthetic meshes has been shown to result in higher rates of hernia recurrence and bulge compared with CS with primary fascial coaptation. 9,14-17 Use of regional or distant flaps for musculofascial reconstruction involves donor site morbidity and does not restore the dynamic stability, strength, and contour of the anterior abdominal wall. 6, [18] [19] [20] [21] To our knowledge, no published data justify the proposition that rectus violation is a contraindication to CS. CS is a valuable technique that has been shown to improve outcomes for large midline fascial defects; avoiding CS in cases with rectus violation might be unwarranted and preclude optimal reconstruction. On the basis of our clinical experience with CS, we hypothesized that patients who undergo CS have similar outcomes whether or not the rectus complex has been violated. To test this hypothesis, we reviewed our experience with CS for abdominal wall reconstruction in patients with and without violation of the rectus abdominis complex.
METHODS
We evaluated all consecutive patients who underwent abdominal wall reconstructions in which a CS technique was used since adopting the CS technique into our practice at The University of Texas MD Anderson Cancer Center between June 12, 2002 and November 16, 2010 . Data were prospectively entered into a departmental database and patients' medical records were retrospectively reviewed. MD Anderson Cancer Center's Institutional Review Board approved this study. Indications for CS were the presence of a ventral hernia or extirpative oncologic defect for which the fascia could not be primarily closed without undue tension. We included in our analysis only those patients whose abdominal wall reconstruction was completed by either a unilateral or bilateral CS technique and who had at least 6 months of postoperative follow-up. The decision to perform unilateral vs bilateral CS was at the discretion of the surgeon and recorded for the purpose of analysis in this study.
Patient, treatment, and surgical outcomes data were analyzed and directly compared between patient groups with and without rectus violation. The primary outcomes measure was the relationship between earlier or concurrent violation of the rectus complex and development of complications. Secondary outcomes measures included the relationship between the specific type and laterality of CS relative to the rectus violation and development of complications. Specific complications evaluated included recurrent hernia, abdominal bulging, skin dehiscence, skin necrosis, abscess, cellulitis, hematoma, and seroma. Abdominal hernia and bulging were defined as contour deformities noted on physical examination with or without a fascial defect, respectively. Skin dehiscence was defined as a separation of at least 0.5 cm requiring debridement and healing by secondary intention. Skin necrosis was full-thickness skin loss requiring debridement. An abscess was defined as a purulent fluid collection requiring incision and drainage. Cellulitis included erythema at the wound site that resolved with intravenous or oral antibiotics alone. Hematoma and seroma were defined as subcutaneous collections of blood and serous fluid, respectively, which required percutaneous or operative drainage. An active smoker was defined as a patient who smoked within 1 month of surgery.
We also evaluated the association between specific types of rectus violation and postoperative complications. Rectus violation was subclassified into 4 specific subtypes, ie, earlier or concurrent ostomy, transversely divided rectus abdominis muscle, earlier or concurrent gastrostomy/jejunostomy tube (GT/JT) placement, and resected rectus abdominis muscle. Earlier concurrent ostomy included any type of ostomy through the rectus complex (eg, colostomy, ileostomy, or ileal conduit). A transversely divided rectus abdominis muscle resulted from any incision that transected the full width of the rectus complex and linea semilunaris (eg, subcostal incisions). Earlier or concurrent GT/JT placement included any GT/JT surgically, radiologically, or endoscopically placed through the rectus complex. The resected rectus abdominis muscle subgroup included patients who had at least half of their rectus abdominis muscles resected during an earlier or concurrent surgery. Patients with resected rectus muscles from previously or concurrently harvested rectus abdominis-based flaps (ie, vertical rectus abdominis musculocutaneous or transverse rectus abdominis musculocutaneous flaps) were excluded from the study. Figure 1 illustrates how we stratified the patients to control for variations in the laterality of the rectus violation and the CS. Subset comparisons evaluated differences in com-plications with respect to unilateral vs bilateral rectus violation, unilateral vs bilateral CS, and unilateral CS with ipsilateral vs contralateral violation of the rectus muscle complex ( Table 1) . Bilateral CS patients included those with release of the right and left external obliques. Unilateral involved only a single external oblique release. Unilateral CS patients were additionally analyzed according to whether the CS was ipsilateral or contralateral to the violated rectus complex.
Surgical technique
The abdominal reconstructions were performed by 14 plastic surgeons at MD Anderson during the study period. When indicated, we generally did not avoid CS in patients with rectus complex violation, such as ostomies, feeding tubes, or incisions that violated the rectus complex. All CS procedures were performed in conjunction with an extirpative surgeon (eg, surgical oncologist, oncologic gynecologist, or colorectal surgeon) who performed the exploratory laparotomy, adhesiolysis, and/or intraperitoneal tumor extirpation, if required. Briefly, CS was performed by releasing the external oblique aponeurosis from above the costal margin to near the pubis, with complete lateral dissection between the internal and external oblique muscles. 1, 22 Inlay surgical mesh (synthetic or bioprosthetic) was used to reinforce the midline fascial closure with at least 3 cm to 5 cm of underlay by securing the mesh to the lateral rectus border and semilunar line with interrupted #1 polypropylene full-thickness musculofascial sutures. Synthetic (polypropylene) vs bioprosthetic (acellular dermal matrix) mesh for musculofascial reinforcement was used at the discretion of the reconstructive surgeon and was recorded for the purposes of analysis. Indications for bioprosthetic rather than permanent synthetic mesh included bacterial contamination of the wound, unreliable skin coverage with a high risk of wound breakdown, and placement of the mesh in direct contact with the bowel. Primary, midline fascia coaptation was achieved in most cases; all others underwent a bridged repair in which the underlay mesh spanned the area of the separated fascia.
Patients were generally followed up in the outpatient clinic weekly for 2 months after discharge, every 3 months for 6 months, and then yearly thereafter. Postoperative oncologic surveillance with abdominal CT and/or MRI when performed was used in our evaluation of surgical outcomes, in addition to serial physical examination.
Statistical analysis
The associations between patients with bilateral or unilateral rectus violation and postoperative complications were evaluated overall and in subgroup analyses using univariate regression analysis. Means and standard deviations were used to summarize continuous variables. Table 2 . Complex ventral hernia repair was the predominant indication for CS in these patients. Distribution of CS performed to repair ventral hernias vs extirpative oncologic defects differed between the violated and nonviolated rectus groups (p Ͻ 0.01). Patients with one or more earlier abdominal operations had significantly higher rates of rectus violation than patients without earlier surgery (p Ͻ 0.03). Earlier hernia repair was likewise significantly associated with the incidence of rectus violation (p ϭ 0.04). Table 3 outlines the clinical details of the CS procedures. Mesh was used in 94% of repairs. Of these, bioprosthetic mesh was used in 97% and synthetic mesh in 3%. Of the 115 patients with rectus complex violation, 82 (71%) had a unilateral rectus violation compared with 33 (29%) with a bilateral rectus violation (Fig. 1) . Patients who underwent bilateral CS were more likely to have had a violated rectus complex compared with patients with unilateral CS (87% vs 59%; p Ͻ 0.01). Use of mesh and type of mesh were not associated with rectus violation status (p ϭ 0.47 and p ϭ 0.31, respectively). As demonstrated in Table 2 , fascial defects were large for both groups and larger in the violated vs the nonviolated rectus group. Despite this, we were able to achieve primary fascial coaptation in 90% of the patients ( Table 3 ). More of the violated rectus patients underwent a bridged repair (13%) than the nonviolated rectus patients (4%), although this difference was not statistically significant (p ϭ 0.10). Overall complication rates were identical in the violated and nonviolated groups (24%). Post-hoc power analysis demonstrated that the study was adequately powered (data not shown). There were also no differences in specific complication rates between the groups (Table 4 ). When we controlled for the effect of surgeon experience on patient outcomes by comparing the first half of the cases performed with the second half of the cases performed in each group, we found the overall complication rate was statistically equivalent between the early and late nonrectus violation reconstructions (26% vs 22%; p ϭ 0.99). However, the overall complication rate was significantly higher in earlier compared with later rectus violation patients (33% vs 16%; p ϭ 0.03). After evaluating all potential patient, defect, and treatment factors with univariate logistic regression, BMI was the only factor that was significantly associated with development of a complication (p Ͻ 0.001). There were no differences in complication rates between patients who underwent bilateral vs unilateral CS in either group.
Multivariate regression analysis identified BMI as an independent risk factor associated with an approximately The univariate analysis stratified by the type of rectus violation, with earlier/concurrent ostomy status serving as the reference, showed that the ostomy patients had the highest complication rate (32%), followed by the resected rectus abdominis muscle patients (27%), the transversely divided rectus abdominis muscle patients (20%), and the GT/JT patients (14%); however, none of these differences were significant (Table 5) .
We conducted subgroup analyses of the rectus violation group to evaluate overall and specific complications associated with the sidedness of the CS and rectus violation. A summary of the various subset analyses performed demonstrates no significant differences in the overall or specific complication rates for any of these comparisons ( Table 1) . Three of these subset comparisons warrant specific discussion. First, the overall comparison between the violated and nonviolated rectus groups included 31 patients with a unilateral rectus violation who underwent a unilateral CS performed on the opposite side of the violation. We thought that performing CS only on the nonviolated side might result in less morbidity and fewer complications. We excluded these 31 unilateral violated rectus/contralateral CS patients, and we again saw no association between rectus violation and complications. Second, when directly comparing patients with bilateral violation of the rectus complex who underwent bilateral CS to nonviolated rectus patients with bilateral CS, we found no significant difference in the overall rate of complications (Table 1). Third, we specifically evaluated patients with a unilateral violated rectus who underwent an ipsilateral CS on the same side as the violation and found no significant difference in the complication rate compared with that of unilateral CS patients without rectus violation. Complications were also similar between the nonviolated unilateral CS patients and the unilateral violated rectus patients with contralateral CS.
DISCUSSION
We found that overall and specific complication rates were similar in patients with or without violation of the rectus complex who underwent CS. This was true despite patients in the rectus violation group having more adverse characteristics potentially associated with complications, such as higher BMI, greater incidence of postoperative chemotherapy, larger defect size, more patients with 2 or more previous operations, and more frequent use of bilateral rather than unilateral CS. In addition, the specific type of rectus violation did not appear to influence complication rates. Finally, bilateral CS was shown to have outcomes similar to unilateral CS. Some surgeons have suggested that earlier violation of the rectus complex represents a contraindication to CS and, in such situations, alternative reconstructive strategies should be considered, such as use of interposition bridging mesh reconstruction without an attempt to approximate the midline fascia together. 6, 9, 10 In our practice, we have not avoided the use of CS in patients with earlier rectus violation, as we believe this technique is safe, effective, and preferable to an interposition bridging mesh repair that does not facilitate primary fascial coaptation. 22, 23 This is evidenced by the fact that we saw no difference in the rates in which our surgeons performed CS in the violated vs nonviolated rectus groups. Before this study, the effects of earlier rectus violation on the outcomes of abdominal wall reconstruction with CS were unknown. This study is the first to confirm our hypothesis that the presence or absence of earlier rectus violation does not affect the outcomes achieved with unilateral or bilateral CS. Despite the potential adverse impact of earlier rectus violation on surgical outcomes, it does not appear to increase the overall complication rate after CS.
Although the overall effect of rectus violation on the outcomes of CS appears to be minimal, it is important to discuss the impact of particular patient and reconstructive factors such as BMI, laterality of the CS, and specific types of rectus violation. Increased BMI was the only patient comorbidity shown to be a significant independent predictor of a complication developing. BMI has been demonstrated in other studies to be associated with increased surgical morbidity. [24] [25] [26] [27] [28] [29] [30] [31] [32] What is particularly interesting is that we also found that patients with rectus violation had a significantly higher BMI compared with the nonviolated rectus group (Table 2 ). However, despite the higher prevalence of this significant predictor of compromised outcomes among the violated rectus group, surgical outcomes were still equivalent to those of the nonviolated rectus group. Knowledge of the effects of BMI on CS outcomes is a useful finding for reconstructive surgeons when selecting patients for CS. Although obese patients with a resectable malignancy typically undergo tumor extirpation and reconstruction, obese patients with a ventral hernia requesting elective CS might benefit from referral to a medically supervised weight-loss program before being offered elective CS.
Although elevated BMI was the only factor found to be significantly associated with adverse surgical outcomes, other factors warrant specific discussion. It is our practice to use a unilateral CS rather than a bilateral CS when unilateral CS alone will suffice to achieve a mini-mal tension primary fascial coaptation. When a unilateral CS is insufficient to achieve midline fascial coaptation, we believe our data support a bilateral CS, even in the presence of a violated rectus complex. Bilateral vs unilateral CS did not affect the outcomes of this study, and our results demonstrate that our surgeons tended not to avoid use of CS in the face of rectus violation. This comes as no surprise, as our surgeons believe that the benefits of primary fascial coaptation outweigh any potential consequences of using CS for patients with a violated rectus complex. 22, 33 In addition, patients with bilateral rectus violation did not have a substantially higher rate of complications compared with unilateral and nonviolated rectus complex groups. We believe our estimation of the benefits of CS to achieve primary midline fascial coaptation over a bridged fascial repair to be justified, as performance of CS appears to be safe, even in cases of unilateral or bilateral rectus complex violation. 9, 22, 33 Despite both groups having large defect sizes, we were able to achieve primary fascial coaptation in 90% of these patients. We believe that considerable previous experience and specific technical factors contributed to this, including a properly performed CS to maximize musculofacial medialization. This included complete release of the external oblique aponeurosis from the pubis to at least 12 cm superior to the costal margin and complete dissection between the internal and external oblique muscles. Use of adjunctive mesh in 94% of these reconstructions also reflects our belief that a reinforced CS is superior to CS alone. This belief is based on our experience with complex abdominal wall reconstruction, as well as the experience of others who have shown hernia recurrence rates to be higher in CS patients who do not receive mesh reinforcement. [34] [35] [36] Inlay prosthetic or bioprosthetic mesh likely offloads tension from the midline to create a load-sharing closure set to physiologic tension. It is also our belief that performing a CS to decrease the fascial defect is favorable, even if the medialization of the rectus complexes is incomplete. The CS positions the rectus abdominis muscles into a more centralized location, resulting in a more anatomic and potentially physiologic origin/insertion relationship of the muscles. It also creates a greater ratio of innervated muscle to adynamic mesh bridge, which can improve the dynamic function of the abdominal wall and decrease the incidence of postoperative bulge.
All of our surgeons are experienced with CS and perform a high volume of complex abdominal wall reconstructions. Achieving optimal outcomes with CS requires experience, particularly in the setting of rectus violation due to changes in abdominal wall anatomy and scarring that interferes with development of the dissection planes necessary to complete a CS. The challenges presented by CS in the face of rectus violation were demonstrated in this study when we controlled for the variable of time's effect on outcomes. We saw no difference in complications between our early and late experience with CS in the nonrectus violation patients; however, we saw a considerably higher rate of complications in our early violated rectus CS experience compared with our later experience. Overall equivalent outcomes between CS in violated vs nonviolated rectus patients seen in our study might reflect what can be achieved by surgeons highly experienced in complex abdominal wall reconstruction and CS techniques. Equivalent outcomes for CS in the setting of rectus violation might not be achieved by surgeons who are still on the CS learning curve, and we therefore alert surgeons unfamiliar with complex abdominal wall reconstruction to exercise caution when considering CS in the setting of rectus violation.
Because of the retrospective design of our study, we were not able to determine the exact locations of the ostomies with respect to the semilunar line, but it has been our practice to avoid CS when the ostomy is lateral to the semilunar line rather than through the rectus complex. However, should a CS be indicated in the case of a lateral ostomy, an ipsilateral CS can still be successfully performed by releasing the external oblique through the muscle (not aponeurosis) at least 3 cm lateral to the ostomy. In conjunction with this, avoiding skin flap elevation near the existing ostomy preserves the integrity of the ostomy-musculofascial interface. Such maneuvers leave the ostomy site with all 3 lateral muscle layers undisrupted and able to be centralized together with the contiguous rectus complex. A similar strategy of dividing the external oblique muscle lateral to a transversely divided rectus muscle incision extending through the linea semilunaris can also be used to perform CS in the setting of a violated external oblique aponeurosis. However, a very wide transverse scar through the lateral oblique muscles or a lateral muscle resection would not be amenable to such modifications, making CS truly contraindicated in such situations.
Another factor that has been suggested to be a contraindication to CS is earlier radiation therapy. 9 We originally classified earlier abdominal wall radiation therapy as a type of rectus violation for the purposes of this study. However, when the data from our study were analyzed, earlier radiation therapy was shown to have no effect on surgical outcomes (data not shown). We believe that this likely represented selection bias in this retrospective analysis, as patients with heavy radiation damage to their abdominal walls tend not to be offered CS in our practice. We believe that a more comprehensive review of the effects of radiation on abdominal wall reconstruction using all available techniques is warranted to better explore this variable, but this is beyond the scope of the current study.
The strengths of this study include a large cumulative experience with abdominal wall reconstruction by multiple surgeons using similar techniques at a single center, careful study design to isolate and compare abdominal wall donor site morbidity between strict rectus violation groups and nonviolation groups, data obtained from a prospectively maintained patient database, and use of multiple regression analysis models. Limitations of this study include its retrospective design, potential selection bias introduced by surgeons potentially avoiding CS in the presence of rectus violation or preferentially offering CS to selected patients, and follow-up of only 21 months. As hernia recurrences continue to develop in patients after CS for years after complex abdominal wall reconstruction with CS, longer follow-up is needed to more accurately determine the longterm recurrence rates of the patients in this study. A prospective study would also be useful to identify potential specific complications that might be associated with CS and ipsilateral rectus violation and help identify specific patient selection criteria. Nevertheless, this study represents the only study to date that specifically evaluates the effect of rectus complex violation on CS outcomes.
CONCLUSIONS
Based on the findings of this study, experienced surgeons should not be reluctant to perform CS in patients with violation of the rectus complex who would otherwise benefit from the CS procedure. Acceptable outcomes can be achieved using CS in abdominal wall reconstruction, even in cases of violation of the rectus abdominis complex. When considering the risks and benefits of a unilateral or bilateral CS in the face of unilateral or bilateral rectus complex violation, surgeons should not consider rectus complex violation a contraindication to CS.
